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linear curve of slope M, shown d0tted in figul"e (15). · 
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Case .3.: -~f the instantaneous~charge and,volt_age, Q3, v3, 
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Ref~lrring to figure· (16), · and writing Kirchhoff's r 
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,. .,. ,, 
~ --··" ~oltage law fo.r ~each·- of the two. meshes, .and then sol11ing , . 
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- for the.----input ... and ou~p·u-t;; currents in mesh 1 and·· mesh 2, 
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respectivelY;, o.~e_ :o·btai_ns . 'tz 
•.. i, (tz) = 1;Ct, F• A,jcvs· - R.5•i, ".'" ~.;c ... :-_ V3) dt 
- ··- . ·· .. r, t, · 
iz·<tz} = iz.(t,) + Az._.,{<V3 "'.' RL· iz - q.&/c,) dt ·. 
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where .. -i 1.(t) is _the input· current, in mesh- 1 
':, 
and 
iz(t) ___ is the outpu.t current, in me··sh 2 
~ Vs is the input signal .source at the. fundamental 
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frequency, 2f0 , 
A,--= 1/(L, + Lo.), A2 
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The current_, i 3 , through the diode :is .. c~lculated u_sing 
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I· 
. :,_ __ ~ ·. . . 
/~·-·:. ··~ .. ~ .. 
~->· . 
·!.-',. 
·' 
, .__ .,.._ I 
_charge q 3 in the _·9iode, ·and the input and _ou~put charges, 
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. .. , ..... q, and q 2 , a~e · obtained by trapezoidal integration of 
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the currents i-1, i, , i 2 , respectively. · The instantaneous 
value of the diode elastance is ~efined-·-'by the _ratio·o~. 
incremental vo~ ta.ge to incremental ~harge, or 
- r The time derivative of the voltage V3 ·1s, by the. chain··. 
rule of differentiat~qn, 
dV3/dt = (dV3/dQ3).(aQ3/dt) = Sj ·13 
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the average .elast_ance of the_ diode, Sav:,·, wa.s postulated 
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and L;&. are. c·alcula~ed in the Appendix. s..,,.,_ ·is small 
enough so th~t its value,, __ i~. !lot ·signi_ficant, and ca·n be 
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·-set equal to zero if so desited.; however, this was not 
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· ·done since· an ·approximation to a physically real charge-
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The independent variable· in all of ·tne calculations 
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·1z.<ta.) involve~ integrals. . ' . Since all of the derivatives 
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Re,placing · the (n-1) ;.·~·current·, · -charge ;'~'"and ~voltage 
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the instantaneous value of the charg~ and from the charge~ 
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the. particular ·circui·t and the particular diode 
characteristic used)-., ___ frequency di vision to the half-
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and ·the power loss, PL, incr~ased •. The ratio of -.power· 
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c· - ·. Conclusion •". '. I o,. • ·· .. ·,. 
'• 
· An analySis . of a de generate parametriC ·. amplifier · · 
, . I 
. , __ C?i·rcui t,· using _a P-I-N diode ·as' the non-linear element 
.. . ~ 
' and generating. the half--harmoni_c ·ha·s been presented. 
· Delayed · rec~VerY of carriers stored _fn .. the I-layer. of 
, . . . 
a P-I-N di~-~e, whi·ch is assumed. to re-sul t in a hystere_sis-
typ·e effect iri the charge-voltage characteristic of 
~ ~-
the diode causes a red~ction,. of efficiency of. frequency 
conversion. This is observed by varying the delay time 
- increasing _the delay time or- decr·easing the slope M 
' of the hysteresis line· in figure· (15). ·As the dela'.y · 
• • . (" • r:..J;'/_. 
time increases, power loss increases and eventuaily'f for 
. a long enough delay time, the outpu,t ceases to be 
periodic. Thus, a s~gnificant· cause of power loss in 
the charge-storage pro6ess of the di6de may be the 
finite recovery time needed to extract c.arriers stored 
-~ in the I-layer. 
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! · .!: . Ca,1-culation .Q.! ~. ·and 1z: 
.~.' .~ Referring_ to fig-µre (16), 
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SQ~ = S~oi /2 = 1/Co.v · · ;,·. 
•·• . , \ r"\ 
S'"a)C = 41f 
.sQ·y = 2.11 
'f , .. = 2fo~'= 1 H1z. 
.. 
.,.~_ 
w, = 2Wo'= 211'f1 = 21' rad./sec 
. f 2 = f O = 1/ 2 Hz. 
Wz. = 21f f 2 · =11 rad. /s~ ~· 
_,,-"' . ~-··~-·~ 
. •,._ - -
. The cono.i tion · for 1 1 to resonate with Cav at f 1 , 
and 11 _to resonate with C"'" at fz, is 
. . 
w1 = 1/<'V].-1-,-c-Q-11 ) = 'V s.v ;1,,!/i . 
W;i -= '\{sAV /Lz 
· ··Th·erefore, 
. -
2. 
L, = SA,, /(W,) . = l/(111). 
= 2/11 
. . 1 
1·2 = S,.v / (w2.) 
II: Determination .Q.f filter eLaments: 
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A 6ircuit Q (=l) for both input and output was 
J '·. 
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chosen so that the output would· begin osci·llation as soon 
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"'.. as possible· from the-initial state. ~Also, Rs =· R._-· = O·.lOrl. •' 
. Q 'is. defined as: 
., 
Q .= (u,,··1, .. )/_~s =· (WzL1.)/R, .. : 1. 
Then E;,Q = Rs./w,, 11, = Rs/uJ2 
' . 
•'. 
or La = 0.1/( 21() and 11, = 0.1/11' -,. 
··, 
•• 1> .. 
-~~·. . . . 
.. 
. .. 
Then. C" = 5/1f. arid Ca, = 10/1t' 0 ... . 
~ ·r=. •.. 
) 
or s. = 1f ;~ ·and ·St, ·=11 /10 • 
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III: Circuit Eauattons: · .. · ., u j • . ... . ,~ 
'1 
• "l,• -
. . 
.~. Referr.ing to figure (16), . the equations -whic·h describe · 
1 ••• ,. 
' ----·-- --- -------------- --------------- - -----
. 
.. 
• 
•.j. ' •. 
the circuit· used in the analysis are·: 
--~------·--------- . 
Vs = Rs 1·,·· + L 1 di 1 /dt + La.di, /dt. + q 1 /Ca. + V3. 
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eq. (Al) 
Then, transposing 9 we obtain 
eq~ (A2) 
or 
Letting 
we·obtain: 
. eq.·(A1t) 
_, 
(L, + Le) 0 (diu /d.t) - Vs - Rs i 1 -· q, /Co. - V3 
(12 + Lb) 0 (di2 /dt) =. V3 .J;, RL i.2 . - ·q2·/Ct, 
~ 
,. 
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